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Abstract—This paper investigates a three-node multiple-input
multiple-output relay system suffering from co-channel inter-
ference (CCI) at the multi-antenna relay. Contrary to the
conventional relay networks, we consider the scenario that the
relay is an energy harvesting (EH) node and has no embedded
energy supply. But it is equipped with a rechargeable battery
such that it can harvest and accumulate the harvested energy
from RF signals sent by the source and co-channel interferers
to support its operation. Leveraging the inherent feature of the
considered system, we develop a novel accumulate-then-forward
(ATF) protocol to eliminate the harmful effect of CCI. In the
proposed ATF scheme, at the beginning of each transmission
block, the relay can choose either EH operation to harvest energy
from source and CCI or information decoding (ID) operation
to decode and forward source’s information while suffering
from CCI. Specifically, ID operation is activated only when
the accumulated energy at the relay can support an outage-
free transmission in the second hop. Otherwise, EH operation
is invoked at the relay to harvest and accumulate energy. By
modeling the finite-capacity battery of relay as a finite-state
Markov Chain (MC), we derive a closed-form expression for
the system throughput of the proposed ATF scheme over mixed
Nakagami-m and Rayleigh fading channels. Numerical results
validate our theoretical analysis, and show that the proposed
ATF scheme with energy accumulation significantly outperforms
the existing one without energy accumulation.
I. INTRODUCTION
Recently, wireless energy harvesting (WEH) technique has
been regarded as a new viable solution to prolong the lifetime
of energy constrained wireless networks. With this technique,
wireless devices are enabled to extract the energy carried
by radio-frequency (RF) signals to charge their batteries. In
[1], Nasir et. al first studied a classic three-node WEH relay
network, wherein a WEH relay is deployed to assist the
information transmission between a source-destination pair.
Specifically, the relay is assumed to have no embedded energy
supply and purely relies on the energy harvested from the
RF signals broadcast by the source to support its operation.
A practical receiver architecture, named time-switching (TS)
relaying, was proposed in [1] for the case that the relay
is equipped with separate energy receiver and information
receiver. In TS relaying, the received RF signals is either
delivered to energy receiver for energy harvesting (EH) or be
delivered to information receiver for information forwarding.
Very recently, this seminal work has been extended to more
general scenarios, see e.g., relay interference channel [2] and
multi-relay networks [3].
In wireless networks, limited spectrum resources are nor-
mally reused to pursue higher spectrum efficiency. As a
result, it is generally unavoidable for the desired links to
suffer from co-channel interference (CCI). The performance
degradation caused by CCI in conventional communication
networks has been widely studied in the existing literature,
see [4] and references therein. However, only limited papers
have investigated the impact of CCI on the performance of
WEH networks. In [5], the authors considered a single-input-
single-output communication system with a WEH destination
and proposed an opportunistic EH scheme to exploit the CCI
as a potential energy source for the WEH device. Y. Chen also
investigated a point-to-point communication network with CCI
and revealed that the ratio of interference power to the source
power is crucial to determine whether the CCI is beneficial
or harmful to the system [6]. Very recently, [7] extended the
work in [5] to a multiple-antenna relay network and three
linear processing schemes, named maximum ratio combining
(MRC), zero-forcing (ZF) and minimum mean-square error
(MMSE) were investigated for the WEH relay, respectively.
Results showed that implementing multiple antennas at the
WEH relay can increase the EH capability and system perfor-
mance significantly.
In [7], it is assumed that the WEH relay exhausts the
harvested energy during each transmission block to perform in-
formation transmission/forwarding. However, this assumption
could lead to suboptimal system performance by realizing the
following fact: when the CCI of the current transmission block
is strong such that the relay can hardly decode the information
from the source, the relay should harvest energy during
the whole block and store the harvested energy for future
information transmission instead of forwarding the source’s
information in the current block. At the same time, the relay
can harvest substantial amount of energy from the CCI since
the CCI is strong and this can improve the system performance
in a long run. In this sense, the consideration and modeling
of the energy accumulation (EA) process at the WEH relay
is essential such that the relay is able to accumulate the
harvested energy and use it efficiently to perform information
transmission in an appropriate transmission block. To the best
knowledge of the authors, there is no paper in open literature
that studies the system performance of a WEH relay system
with CCI and energy accumulation.
Motivated by the aforementioned gap, in this paper we focus
on the design and analysis of a WEH MIMO relay system that
exploits its energy accumulation capability to perform against
the CCI. The main contributions of this paper are summarized
as follows: (1) We develop an accumulate-then-forward (ATF)
protocol for the considered WEH relay system to eliminate
the effect of CCI. (2) By modeling the relay battery by a
finite-state Markov Chain, we evaluate the transition matrix
and stationary distribution of the relay battery. (3) Considering
a decode-and-forward protocol implemented at the relay, we
derive a closed-form expression for the system throughput
over mixed Nakagami-m and Rayleigh fading channels. All
theoretical analysis is then validated by numerical results. (4)
Our results revealed that different from the conventional relay
networks where CCI always degrades the system performance,
the CCI may benefit the system performance in the considered
WEH relay system. It is shown that the proposed ATF pro-
tocol with energy accumulation significantly outperforms the
existing one without energy accumulation.
Notation: Throughout this paper, we use fX(x) and FX(x)
to denote the probability density function (PDF) and cumu-
lative distribution function (CDF) of a random variable X .
E {·} represents the expectation operator. Γ (·) is the Gamma
function [8, Eq. (8.310)], γ (·, ·) is the lower incomplete
gamma function [8, Eq. (8.350.1)] and Γ (·, ·) is the upper
incomplete gamma function [8, Eq. (8.350.2)]. (·)T and (·)†
represent the transpose and conjugate transpose, respectively.
‖·‖ is the Frobenius norm and IN denotes the N ×N identity
matrix.
II. SYSTEM MODEL AND PROTOCOL DESCRIPTION
A. System Description
In this paper, we investigate a dual-hop MIMO relay system
consists of one single-antenna source S, one single-antenna
destination D and one decode-and-forward (DF) relay R
equipped with N antennas. We assume that there is no direct
link between S and D due to obstacles or severe attenuation,
and thus the communication can be established only via the
relay. Unlike the conventional relay networks, in this paper we
consider that R have no embedded power supply and it only
relies on the energy harvested from the RF signals broadcast
by S before helping forward its signal to D. Besides, An
energy storage is also assumed to be equipped at R such
that it can perform energy accumulation and scheduling across
different transmission blocks. As in [7], we assume that the
relay is suffered from L co-channel interferers (denoted by
I1, . . . , IL) and additive white Guassian noise (AWGN) while
the destination is still corrupted by the AWGN only1.
B. Channel Model
Since the up-to-date wireless energy transfer techniques
could only be operated within a relatively short communication
range and the line-of-sight (LoS) path is very likely to exist,
Rician fading would be the most appropriate one to character-
ize the channel fading of S−R link in the first hop. However,
the statistical functions (e.g., CDF and PDF) of Rician fading
are very complicated, which would make the ensuing analysis
extremely difficult [10]. Fortunately, the Rician distribution
1The scenario where relay and destination experience different interference
will occur in frequency-division relaying systems [9].
could be well approximated by the more tractable Nakagami-
m fading model. Thus, in this paper we adopt the Nakagami-m
distribution to model the channel fading for S − R link. As
the distance between R−D, R− Il, l ∈ {1, 2, . . . , L} can be
much further, all the other links in the system are considered
to be subject to Rayleigh fading.
Let h0 ∈ CN×1 and g0 ∈ CN×1 denote the complex
channel vectors of S-R and R-D links, respectively. Moreover,
we use hl ∈ C
N×1
, l ∈ {1, . . . , L}, to represent the complex
channel vector from interferer Il to R. The magnitudes of
all entries of h0 are assumed to follow an independent and
identical distributed (i.i.d.) Nakagami-m distribution with a
shape parameter2 m and an average power gain Ω0. On the
other hand, each element of g0 and hl is subjected to an i.i.d.
circularly symmetric complex Gaussian (CSCG) distribution
with zero mean and variance Λ0 and Ωl, respectively. We also
assume that all desired and interfering links in the MIMO
relaying system experience independent slow and frequency
flat fading, where channel gains remain constant during each
transmission block, denoted by T , but change independently
from one block to another.
C. Accumulate-Then-Forward Protocol
At the beginning of each transmission block, the relay can
choose either EH operation to accumulate energy or informa-
tion decoding (ID) operation to forward source’s information.
Specifically, each transmission block is divided into two time
slots with equal length T/2. If the relay’s accumulated energy
is sufficient to support an outage-free transmission in the
second hop, it will choose the ID operation and decode the
received signal from S while suffering from CCI and AWGN
in the first time slot. Otherwise, R will perform EH operation
to harvest energy from both the RF signals transmitted by S
and co-channel interferers. In the proposed ATF protocol, for
the operation simplicity of the energy constrained relay, we
restrict that R provides no feedback to S and S always remains
silent during the second time slot. As a result, R will continue
to solely harvest energy from CCI signals in the second time
slot if EH mode is invoked. Moreover, if R chooses ID mode
but an incorrect decoding occurs, it will also harvest energy
from CCI signals during the second time slot. On the other
hand, when R performs ID during the first time slot and the
information is decoded correctly, R will forward the source’s
information packet to D by depleting the accumulated energy
in its battery.
The received signal at R during the first time slot can be
characterized as
yR =
√
P0h0x0 +
L∑
l=1
√
Plhlxl + nR, (1)
where x0 and xl are the signals transmitted by S and Il with
unit energy, P0 and Pl are the transmit power of S and Il
respectively, and nR is an N × 1 vector denotes the AWGN
suffered at the relay with E
{
nRnR
†
}
= σ2RIN . If R do not
2For the purpose of exploration, we consider m to be integer in this paper.
have enough energy to support an outage-free transmission,
EH mode is invoked and it harvests energy from (1) during
the first time slot. In the second time slot, when S keeps silent,
the received signal at R is given by
yR =
L∑
l=1
√
Plhlxl + nR. (2)
The relay will continue to harvest energy from (2) during
the second time slot. With out loss of generality, we consider
a normalized transmission block (i.e., T = 1) hereafter, the
total amount of harvested energy for EH operation can thus
be written as [11], [12]
E˜I =
η
2
P0‖h0‖
2
+ η
L∑
l=1
Pl‖hl‖
2
, (3)
where 0 < η ≤ 1 is the energy conversion efficiency of
the energy receiver. In (3), we ignore the amount of energy
harvested from the noise as it is normally below the sensitivity
of EH circuit.
On the other hand, when R has sufficient energy, it chooses
ID operation to decode source’s information. For a multi-
antenna receiver corrupted by CCI, linear diversity combin-
ing schemes are normally adopted to alleviate the signal
degradation [13], [14]. In this paper, we assume that the
maximum ratio combining (MRC) scheme is implemented at
R for its low complexity. Note that the adopted MRC scheme
is particularly suitable for the considered system as it only
requires the instantaneous CSI of S−R link and it is difficult
for the WEH relay to acquire the full CSI of all the interferers
in the considered network.
In an MRC receiver, the antenna array elements are
weighted by the channel gains and given by w = h†0/‖h0‖
[14]. Multiply the received signal given in (1) by the antenna
weights vector w and after some mathematical manipulation,
the resultant SINR at R is given by
γR =
P0‖h0‖
2
L∑
l=1
Pl‖vl‖
2 + σ2R
, (4)
where vl = h†0hl/‖h0‖ and it is studied in [?] that if the
elements of hl follow an i.i.d. CSCG distribution, then vl
and h0 are mutually independent and ‖vl‖2 is exponentially
distributed with a variance Ωl.
If the decoding is incorrect, R keeps harvest energy from the
CCI during the second time slot and the amount of harvested
energy can be characterized from (2) as
E˜II =
η
2
L∑
l=1
Pl‖hl‖
2
. (5)
When the received information is decoded correctly, R will
forward the information to D during the second time slot.
Assume the maximum ratio transmission (MRT) scheme is
implemented at the multiple antenna relay, the received signal-
to-noise ratio (SNR) at D is given by
γD =
PR‖g0‖
2
σ2D
, (6)
where PR is the transmit power of the relay and σ2D is the
variance of AWGN suffered at D.
To ensure an outage-free transmission, the optimal transmit
power of the relay can be evaluated from the channel capacity
and given by
PR =
µσ2D
‖g0‖
2 , (7)
where µ = 22R − 1 and R is the transmission bit rate of S.
III. PERFORMANCE ANALYSIS
In this section, we first calculate the statistical distributions
of the harvested energy E˜I and E˜II given in (3) and (5). We
then derive the distribution of the optimal transmit power of
the relay from the expression given in (7). Subsequently, we
characterize the dynamic charging/discharging behaviors of
the relay battery by a finite state Markov chain (MC) and
evaluate the transition probabilities of the formulated MC.
With the aid of the MC model, we finally derive a closed-
form expression for the system throughput of the proposed
ATF protocol subject to CCI.
A. Distributions
Since each element of h0 is subject to an i.i.d. Nakagami-
m distribution with a shape parameter m and average power
gain Ω0. The first term of the harvested energy in (3),
i.e., η2P0‖h0‖
2
, thus follows a gamma distribution with a
shape parameter mN and average power gain η2P0NΩ0. Each
element in the second summation term ηPl‖hl‖2 is a sum of N
i.i.d. exponential random variables and also follows a gamma
distribution with a shape parameter N and average power
gain ηPlNΩl. The harvested energy for EH operation E˜I is a
sum of L+1 mutually independent gamma random variables.
To the best knowledge of authors, it is very complicated to
characterize a closed-form expression for the exact distribution
of E˜I. Fortunately, according to [15], E˜I can be tightly
approximated as a single gamma random variable with the
CDF given by
FE˜I (x) ≈
γ
(
mI ,
mI
ΩI
x
)
Γ (mI)
, (8)
where parameters mI and ΩI can be calculated by moment-
based estimators [15]. Specifically, we have
ΩI = E
[
E˜I
]
, (9a)
mI =
Ω2I
E
[
E˜2I
]
− Ω2I
. (9b)
Let mj and aj , j = 1, 2, · · · , L + 1 denote the shape
parameters and average power gains of the considered L + 1
gamma random variables described above, respectively. It
is easily attain that ΩI =
L+1∑
j=1
aj . To obtain the value of
mI , a multinomial expansion is implemented to express the
moment term E
[
E˜nI
]
in terms of the individual moments of
the summands given by
mI =
ΩI
2
Φ+ ΩI
2 . (10)
The parameter Φ in the above expression is given by
E
[
E˜nI
]
=
n∑
n1=0
n1∑
n2=0
· · ·
nL−1∑
nL=0
(
n
n1
)(
n1
n2
)
· · ·
(
nL−1
nL
)
× E
[
βn−n11
]
E
[
βn1−n22
]
· · ·E
[
βnLL+1
]
,
(11)
where
E
[
βnj
]
=
Γ (mj + n)
Γ (mj)
(
aj
mj
)n
. (12)
We now turn to derive the statistics of E˜II, which is a sum
of L gamma random variables with identical shape parameters
N and average power gains η2PlNΩl. Similar to E˜I, the CDF
of E˜II can be summarized as
FE˜II (x) ≈
γ
(
mJ ,
mJ
ΩJ
x
)
Γ (mJ)
, (13)
where parameters mJ and ΩJ can be evaluated similarly as
in (9).
We then present the distribution of the required transmit
power PR. It is easily obtain that ‖g0‖2 follows a gamma
distribution with a shape parameter N and average power gain
NΛ0. From (7), the CDF of PR can thus be expressed as
FPR (x) =
N−1∑
i=0
(
µσ2
D
Λ0x
)i
i!
exp
(
−
µσ2D
Λ0x
)
. (14)
B. Markov Model of Relay battery
To analyze the performance of the considered network
with the ATF protocol, we subsequently model the dynamic
charging/discharging behavior of the relay battery by a finite-
state MC. In this paper, we follow [16] and adopt a discrete-
level battery model. More specifically, We use C to denote
the capacity of the relay battery and Q to denote the number
of discrete energy levels excluding the empty level. Then,
the ith energy level of the relay battery can be expressed as
εi = iC/Q, i ∈ {0, 1, 2 · · ·Q}. We define state Si as the
relay residual energy in the battery being εi. The transition
probability Ti,j is defined as the probability of the transition
from state Si to state Sj . With the adopted discrete-level
battery model, the amount of harvested energy E˜I and E˜II
should be discretized to one specific energy level of the battery.
The discretized amount of harvested energy is defined as
EI
∆
= εj , j = arg max
i∈{0,1,··· ,Q}
{
εi : εi < E˜I
}
, (15)
EII
∆
= εj , j = arg max
i∈{0,1,··· ,Q}
{
εi : εi < E˜II
}
. (16)
On the other hand, when D adopts ID operation and decode
the received information correctly, the discretized value of the
required outage-free energy at the relay is defined as
ER
∆
=


εj , if
PR
2
≤ C
∞, if PR
2
> C
, (17)
where j = arg min
i∈{0,1,··· ,Q}
{
εi : εi ≥ PR/2
}
, and PR is
given in (7). Note that the factor 12 is introduced because the
relay performs information forwarding only during the second
time slot.
With the operation principle of the proposed ATF scheme
described in Sec. II and the MC model defined above, we
can now ready to evaluate the state transition probabilities of
the MC for the relay battery. Inspired by the seminal works
given in [16], all the transition probabilities of the considered
model can be summarized into seven general cases given in
(18) on top of next page: (1) The empty battery is partially
charged. (2) The empty battery is fully charged. (3) The non-
full and non-empty battery remains unchanged. (4) The battery
remains full. (5) The non-empty battery is partially charged.
(6) The non-empty battery is fully charged. (7) The battery is
discharged.
In the following, we analyze case (5), which is the most
complicated case. The non-empty battery is partially charged
happens from two possible events. The first one is that
the stored energy at the relay can not support an outage
free forwarding operation, and EH operation is thus invoked
and the relay harvests energy from both S and co-channel
interferers to charge its battery. The second event is that
the relay has sufficient energy for an outage-free forward-
ing operation but it cannot decode the received information
correctly. The relay thus harvests energy from only the CCI
during the second time slot to charge the battery. With the
distributions evaluated in Sec. III-A, the transition proba-
bilities for this case can be characterized in the 5th line
of (18), where the terms
[
1− FPR
(
2iC
Q
)]
and FPR
(
2iC
Q
)
represents the probability that the stored energy at the relay
iC/Q cannot or can support an outage-free transmission,
respectively. The terms
[
FE˜I
(
(j−i+1)C
Q
)
− FE˜I
(
(j−i)C
Q
)]
and
[
FE˜II
(
(j−i+1)C
Q
)
− FE˜II
(
(j−i)C
Q
)]
indicate that the har-
vested energy is discretized to (j − i) energy levels of the relay
battery so that the battery is charged from energy level i to j.
The term Pr {O} is the outage probability for the first hop with
the received SINR given in (4) and it has been widely studied
in the existing literature for conventional dual-hop relaying
networks suffering from CCI. A closed-form expression of
Pr {O} can be found in [14, Eq. (21)] and we omit it here
due to space limitation.
For the other six transition cases, we omit the details of the
derivation for transition probabilities and they can be evaluated
similarly from the analysis given above for case 5.
Ti,j =


FE˜I
(
(j + 1)C
Q
)
− FE˜I
(
jC
Q
)
, i = 0, 0 ≤ j < Q
1− FE˜I (C), i = 0, j = Q[
1− FPR
(
2iC
Q
)]
FE˜I
(
C
Q
)
+
[
FPR
(
2iC
Q
)]
FE˜II
(
C
Q
)
Pr {κ [n] = 0}, 0 < i = j < Q
[1− FPR (2C)] + FPR (2C) Pr {O}, i = j = Q[
1− FPR
(
2iC
Q
)][
FE˜I
(
(j − i+ 1)C
Q
)
− FE˜I
(
(j − i)C
Q
)]
+
Pr {O}FPR
(
2iC
Q
)[
FE˜II
(
(j − i+ 1)C
Q
)
− FE˜II
(
(j − i)C
Q
)]
, 0 < i < j < Q[
1− FPR
(
2iC
Q
)][
1− FE˜I
(
(Q − i)C
Q
)]
+ Pr {O}
[
FPR
(
2iC
Q
)][
1− FE˜II
(
(Q− i)C
Q
)]
, 0 < i < Q, j = Q
(1− Pr {O})
[
FPR
(
2(i− j)C
Q
)
− FPR
(
2(i− j − 1)C
Q
)]
, 0 ≤ j < i ≤ Q
.
(18)
C. System Throughput
We now define Z = (Ti,j) to denote the (Q+1)× (Q+1)
state transition matrix of relay battery. By using similar
methods in [16], we can readily verify that the transition
matrix Z derived from the above MC model is irreducible and
row stochastic. Hence, there must exist a unique stationary
distribution pi that satisfies the following equation
pi = (pi0, pi1, · · · , piQ)
T = (Z)T pi, (19)
where pii, i ∈ {0, 1, · · · , Q}, is the i-th component of pi
representing the stationary distribution of the i-th energy level
at relay. The battery stationary distribution can be solved based
on (19) and expressed as
pi =
(
ZT − I+B
)−1
b, (20)
where Bi,j = 1, ∀i, j and b = (1, 1, · · · , 1)T .
Since each discharge of battery guarantees an outage-free
communication, the system outage probability of the proposed
ATF scheme can be characterized as
Pout =
Q∑
i=0
pii
Q∑
j=i
Ti,j . (21)
We finally can obtain a closed-form expression of the system
throughput of the proposed ATF protocol subject to CCI given
by
Υ = R (1− Pout) . (22)
IV. NUMERICAL RESULTS
In this section, we present some numerical results to validate
and illustrate the above theoretical analysis. In order to capture
the effect of path-loss, we model the desired channels as
ΩXY =
1
1+dα
XY
, where ΩXY is the average channel power
gain between node X and Y , dXY denotes the distance
between node X and Y , and α ∈ [2, 5] is the path-loss
factor. For simplicity, we consider a linear topology such
that the relay, source and destination are located in a straight
line. Without loss of generality, the interferers are assumed
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Fig. 1. The system throughput of the proposed ATF scheme versus source
transmit power Ps for different interfererence power PI .
to have identical transmit power denoted by PI but they
are located differently and the distances between interferers
and relay is denoted by the vector dIR. In all the following
simulations, we set the distances dSD = 20m, dSR = 6m,
dIR = (12, 13, 14)m, the shape parameter m = 2, the path-
loss factor α = 2, relay antenna number N = 4, the battery
capacity C = 0.5, the battery levels Q = 90, the noise powers
σ2R = σ
2
D = −80dBm and the energy conversion efficiency
η = 0.5.
We first compare the analytical system throughput derived
in (22) with the Monte Carlo simulation result. From Fig.
1, we can see that the analytical results coincide well with
the Monte Carlo simulation which validates our theoretical
analysis presented in Sec. II-III. Moreover, the system through-
put becomes saturated when the transmit power is sufficiently
large. This is due to the finite storage capacity of the relay
battery in the sense that the accumulated energy cannot exceed
the battery capacity. Furthermore, we can observe from this
figure that when the interference power PI = 20dBm, the
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Fig. 2. The system throughput of the proposed ATF scheme with energy
accumulation and the existing scheme without energy accumulation versus
source transmit power Ps for different transmission rate where the interferers’
power PI = 35dBm.
system throughput of the proposed ATF scheme is higher
than the case without CCI. This is opposite to the conven-
tional communication networks where the CCI always leads
to performance degradation. However, when the interference
power is increased to 40dBm, the performance of the proposed
ATF scheme is obviously degraded. This observation can be
explained as follows. The CCI signals are actually a ‘double-
edged sword’ in the considered system. On one hand, it
deteriorates the quality of received signals at R performing
ID, which is harmful to the system performance. On the other
hand, the CCI contributes extra amount of energy when R
harvests energy from the RF signals. This can enhance the
energy accumulation speed at R, which is beneficial to the
system performance.
In Fig. 2, we depict the system throughput of the proposed
ATF scheme with energy accumulation and the existing one
without energy accumulation versus Ps for different trans-
mission rate. The existing scheme in the simulation uses a
three-time-slot strategy, where the first time slot is used for
energy harvesting, the second and last time slot are used
for information transmitting and forwarding by exhausting
the harvested energy during the first time slot. It can be
observed that implementing energy accumulation at the WEH
relay introduces a significant performance gain to the system.
Moreover, the gain is increased as the transmission rate grows.
This is understandable since energy accumulation can help-
fully accumulate the harvested energy and allow the relay to
forward information appropriately. The relay can thus schedule
the harvested energy more properly and avoid the high energy
consumption required by a higher transmission rate in bad
channel conditions.
V. CONCLUSIONS
In this paper, we proposed an accumulate-then-forward
scheme for a wireless energy harvesting (WEH) MIMO relay
network suffering from co-channel interference. We modeled
the dynamic charging and discharging behaviors of the finite-
capacity relay battery by a a finite-state Markov chain (MC).
We evaluated the transition probability matrix of the MC and
derived a closed-form expression of system throughput over
mixed Nakagami-m and Rayleigh fading channels. Numerical
results validated the theoretical analysis and demonstrated the
impact of co-channel interference on the system performance.
Specifically, different from the conventional communication
networks where CCI is always harmful, the CCI may benefit
the performance of a WEH relay network. Results also showed
that the proposed ATF scheme with energy accumulation
outperforms the existing one without energy accumulation
significantly.
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